microscope of cells fixed in 5 % (v/v) glutaraldehyde after 20min incubation with glycerol mono-oleate. Fused cells were discernible by their size; the number of cells involved in fusion was calculated as a percentage of the total cell number in 10-15 fields for each incubation.
Although considerable individual variation occurred, statistically significant increases in cell cholesterol concentration and cholesterol/phospholipid molar ratios were found in the cells from patients with liver diseases (Table 1 ). The erythrocytes of some patients also exhibited increased concentrations of phosphatidylcholine and phosphatidylserine, but not of other phospholipid fractions, and there was no difference in the mean values for total phospholipid in each group. Glycerol mono-oleate-induced cell fusion was more extensive in the erythrocytes of the patients with liver diseases. Taking data from all subjects studied (patients and control subjects), there was a positive correlation between percentage polykaryocytosis and cholesterol content or cholesterol/phospholipid ratio, but not with the total concentration of phospholipid. A correlation was observed between cell fusion and the cellular concentration of phosphatidylcholine or phosphatidylserine, but not with other phospholipids.
From these observations it appears that increases in membrane lipids facilitate cell fusion. A mechanism for fusion has been proposed in which the intercalated membrane particles are excluded from the regions of membrane involved in fusion (Ahkong et al.,
1975
). Enrichment of bovine erythrocytes with cholesterol decreases the density of intramembranous particles (Deuticke & Ruska, 1976) and this has also been demonstrated in cells from patients with severe cholestasis (Verkleij et al., 1976) . Furthermore, in erythrocytes from these patients, fusion of lipoprotein LP-X coincides with an increase in smooth areas in the fracture faces of the membrane. We therefore suggest that increases in membrane lipid concentrations, especially cholesterol, may facilitate phase separations of protein-free areas in the lipid bilayer, permitting fusion to occur more readily.
Liposomes are unilamellar or concentric multilamellar bilayered phospholipid vesicles.
They have been proposed as carriers of therapeutic agents in the treatment of enzymedeficiency states and also in cancer chemotherapy, and their applications have been extensively reviewed (Tyrrell et al., 1976) . One problem inherent in such an approach is the direction of liposomes to specific target tissues. The fate of intravenously injected liposomes of various lipid compositions has been documented (Jonah et al., 1975) , as well as the blood clearance of unilamellar and multilamellar liposomes (Juliano &Stamp, 1975) . In the present study we have investigated the fate in vioo of intravenously injected small unilamellar (25nm diameter) and large multilamellar liposomes (up to 1 fim diameter) prepared by conventional methods using sonication and shaking by hand, and also the large unilamellar liposomes (0.1-1 .Opm diameter) prepared by the ethervaporization technique of Deamer & Bangham (1976) . We have also investigated the recoveries of all three liposome types from Sephadex and Sepharose gel-filtration columns. Molecular-sieve chromatography is widely used for fractionation of free from liposomally entrapped material, and also Sepharose 4B and 2B gels are used for separation of large and small liposomes. Studies concerned with recoveries from columns were prompted by reports of lipid adsorption on Sepharose 4B gels (Huang, 1969) , as well as our own experience of lipid loss from such columns.
Anionic liposomes for work in vivo were prepared from egg phosphatidylcholine/ cholesterol/dicetyl phosphate (molar proportions 6: 2: 1). The method was as described by Bangham et al. (1974) , followed by probe sonication and separation of large from small liposomes on a Sepharose 2B gel-filtration column. The small unilamellar liposomes were eluted in the included volume of the column and the large multilamellar liposomes in the void volume. Large unilamellar liposomes were prepared by the method of Deamer & Bangham (1976) . Briefly, this involves injection of an ethereal lipid solution into an aqueous phase maintained at 60°C. Rapid evaporation of ether results in the formation of large unilamellar liposomes of 0.1-1.0pm diameter. Large multilamellar liposomes for gel-filtration chromatography were obtained as a pellet after centrifugation at 8000g for 10min; the supernatant was sonicated with a probe sonicator and centrifuged at lOO00Og for 1 h at 10°C to obtain a supernatant of small unilamellar liposomes. The fate of liposomes was followed by incorporation of ['4C]cholesterol in the lipid bilayer. The size and purity of the liposome preparations was confirmed by negative-staining electron microscopy, and in addition freeze-fracture studies were performed for large unilamellar liposomes.
Negatively charged liposomes were injected into the tail vein of rats, which were killed after 2 h and tissues removed for scintillation counting. Table 1 shows that all three liposome types are found predominantly in the liver and spleen. Large multilamellar and large unilamellar liposomes showed increased uptake by the spleen in comparison with small unilamellar liposomes. The liver possesses mainly parenchymal cells in addition to phagocytic Kupffer cells, but it is still uncertain as to which cell type, or indeed if both, are responsible for removal of liposomes from the bloodstream. Jonah et al. (1975) have also shown that the tissue distributionof largemultilamellar liposomes can be varied depending on the presence of charged lipids, on the phospholipid fatty acid content as well as the presence of cholesterol, and that cationic and anionic liposomes were taken up preferentially by lungs and spleen respectively. They also found a greater uptake of liposomes by lungs than we report here. However, we have found much higher lung-associated liposomal radioactivity for multilamellar liposomes prepared by low-speed centrifugation rather than by column chromatography. This suggests that it is only very large liposomes that are removed by the lungs. The blood clearance curves showed half-lives for negatively charged small unilamellar, large multilamellar and large unilamellar liposomes of 30min, 6-7min and <3min respectively. Similar results were obtained by Juliano & Stamp (1975) using neutral or positively charged liposomes, although they detected no difference in clearance rates between small unilamellar and large multilamellar anionic liposomes when using phosphatidylserine as the charged component. The clearance rates of all three liposome types are biphasic and represent an initial fast phase followed by a slow phase, which cannot be explained solely by size heterogeneity within each population. It may represent different processes of liposome uptake, involvement of different cell types depending on the size of the liposomes, or simply the availability of cells for uptake. The precise mechanism of interaction of liposomes with different cell types in uivo still remains to be elucidated.
Experiments with gel-filtration chromatography were performed by application of 0.56mg of lipid to 5ml syringe-barrel columns (4.1 cmx 1.25cm) of Sephadex and Sepharose gels. Total recoveries are shown in Table 2 . Recoveries increase with decreasing size of liposomes, unilamellar liposomes being totally recovered except for were applied to 5ml syringe-barrel columns (4.1 cmx 1.25cm) of the appropriate gel. Anionic liposomes were as in Table 1 , cationic liposomes contained phosphatidylcholine/cholesterol/stearylamine (4:l: 1 molar proportions) and neutral liposomes contained phosphatidylcholine/cholesterol (molar ratio 9 : 2). The eluting buffer was 15ml of lOm~-phosphate/0.9% NaCl (pH7.0) and a portion of eluate counted for recovery of radioactive cholesterol. Values are the means of two or three columns. Standard deviations are less than f 2%. Bangham (1976) . In many cases there seems to be a lower recovery of cationic liposomes. This is unlikely to be due to ionic interactions, since the Sephadex gels should not have any free ionic groups at the buffer strength used and Sepharose gels have no ionic groups. Thus the lower recoveries for positively charged liposomes are difficult to explain. In summary, we have shown that variation in liposome size can lead to alteration in tissue distribution of intravenously administered liposomes, the spleen having a particular preference for large liposomes. In additon, large unilamellar liposomes behave similarly to large multilamellar liposomes. They have a very short half-life in the blood (<3min) and are localized principally in the liver and spleen. We have also demonstrated that care is necessary when using column chromatography for liposome preparations to avoid lipid losses. This applies particularly when using populations of multilamellar liposomes and cationic liposomes. We suggest that columns should be monitored for lipid recovery.
Recovery (%)
We saw little or no contribution from any other components of the medulla, but in whole glands we saw contributions from the fatty chains of sterol esters of the cortex. These observations and studies of adrenal-gland vesicles and their extracts permitted a characterization (analytical and structural parameters) of assembly in uiuo of neurotransmitters in a specialized organ (see Daniels et at., 1976). The octopus has a specialized gland, the posterior salivary gland, which stores neurotransmitters. We have obtained samples of intact gland from Octopus vulgaris through the help of Professor F.
Ghirretti (Padova University). Fig. 1 gives the proton n.m.r. spectrum of a whole-gland slice. Prominent in the aromatic region are resonances (A) at very high field 8.0-8.7p.p.m. We have seen these resonances, which closely parallel those of adenine and guanosine, in all the preparations we have handled. We do not have an explanation for them, as the literature on this gland makes no mention of such molecular species. In the aliphatic region we see peaks of high intensity around 3.0-4.0p.p.m. (B), which corresponds to the positions of N+-CH,-and N(CH3)+ protons in such molecules as adrenaline and choline. Resonances of irregular intensity from sample to sample appear in two other regions of the spectrum. In the aromatic region there are resonances (C) at 6.5-7.5p.p.m. They could correspond to resonances of aromatic transmitters or to free aromatic amino acids. In the aliphatic Vol. 5
